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FOREWORD 


Tliis  is  a report  of  studies  conducted  to  develop  principles  for  the  design 
of  hospitals  offering  protection  from  the  effects  of  gamma  radiation  resulting 
from  fallout  of  a nuclear  explosion.  The  methods  of  protection  from  chemical 
and  biological  contaminants  and  from  a moderate  degree  of  blast  overpressure 
were  also  investigated,  and  the  cost  of  such  protection  is  included. 

The  studies  revealed  the  feasibility  of  incorporating  special  measures  to 
protect  patients,  personnel,  and  vital  functional  components  within  the  fa- 
cility. Moreover,  it  was  found  that  such  construction  could  be  earned  out  at  a 
reasonable  cost. 

This  project,  an  activity  of  the  Hill-Burton  Program  of  the  Public  Health 
Service,  was  developed  under  a grant  from  the  Office  of  Civil  and  Defense 
Mobilization,  now  the  Office  of  Civil  Defense,  Department  of  Defense. 


Jack  C.  Haldeman,  M.D., 
Assistant  Surgeon  General 
Chief,  Division  of  Hospital  and  Medical  Facilities. 


February  1962. 
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INTRODUCTION 


In  keeping  with  its  responsibility  for  pro- 
tecting and  improving  the  health  of  the  people 
of  the  Xation,  the  Public  Health  Service  has,  for 
many  years,  been  interested  in  the  problems 
which  would  face  the  Nation’s  hospitals  in  the 
event  of  a nuclear  disaster.  In  addition  to 
sheltering  its  occupants,  the  hospital  should  do 
its  utmost  to  preserve  its  basic  services  and  fa- 
cilities for  prompt  use  after  the  disaster  period. 
Efficient  hospital  service  is  an  important  ad- 
junct to  the  rapid  recovery  and  rehabilitation 
of  a disaster-struck  community,  especially  fol- 
lowing a nuclear  attack. 

The  detonation  of  a nuclear  weapon  pro- 
duces four  major  effects — blast,  heat,  initial  nu- 
clear radiation,  and  residual  radioactivity  due 
to  fallout.  The  first  three  effects  will  be  limited 
to  an  area  surrounding  the  immediate  vicinity 
of  the  detonation.  The  fourth,  however,  could 
affect  practically  the  total  population  of  the 
country. 

The  National  Shelter  Policy,  announced  by 
the  Office  of  Civil  and  Defense  Administration 


in  1958,  states : “The  Administration  has  con- 
ducted exhaustive  studies  and  tests  with  respect 
to  protective  measui’es  to  safeguard  our  citizens 
against  the  effects  of  nuclear  weapons.  These 
several  analyses  have  indicated  that  there  is  a 
great  potential  for  the  saving  of  life  by  fallout 
shelters.  In  the  event  of  nuclear  attack  on 
this  country,  fallout  shelters  offer  the  best  single 
nonmilitary  defense  measure  for  the  protection 
of  the  greatest  number  of  our  people. 

“The  Administration’s  national  civil  de- 
fense policy,  which  now  includes  planning  for 
the  movement  of  people  from  target  ai-esis  if 
time  permits,  will  now  also  include  the  use  of 
shelters  to  provide  protection  from  radioactive 
fallout.’’ 

To  implement  this  e.stablisbed  policy,  tlu* 
Public  Health  Service  has  collalx^rated  with  the 
Office  of  Civil  and  Defense  Mobilization  to  de- 
velop criteria  and  standards  for  protective 
measures  in  hospitals. 
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GENERAL  CONSIDERATIONS 


A hospital  having  a 150-bed  capacity  was 
selected  as  a basis  for  study  in  this  research 
project  for  two  principal  reasons.  First,  this 
was  agreed  to  be  the  optimum  size  to  illustrate 
the  complex  problems  of  departmental  relation- 
ship and  hospital  communications  in  conjunc- 
tion with  the  essential  features  of  civil  defense 
protection  without  obscuring  the  obvious  char- 
acteristics of  either.  The  results  of  this  study 
could  easily  be  used  by  designers  of  larger  or 
smaller  hospital  facilities  with  minimum  adap- 
tation and  interpolation.  Second,  a hospital 
of  this  capacity  appears  to  be  typical  of  the 
size  likely  to  be  built  outside  the  peripherj^  of 
an  urban  community  or  in  the  environs  of  a 
potential  target  area.  Because  of  its  location, 
this  hospital  would  be  spared  the  destructive 
effects  of  blast  and  heat  but  could  be  subject  to 
the  effects  of  fallout  radiation. 

The  following  broad  guidelines  were  estab- 
lished to  assist  in  the  development  of  the 
project; 

(1)  The  hospital  should  he  designed  to 
fufaction  as  a normally  planned  hospital.  The 
hospital  should  be  desigiied  to  operate  in  a con- 
ventional manner  as  a 150-bed  hospital  fulfilling 
the  specific  needs  of  an  average  community. 
The  size  and  importance  of  its  various  depart- 
ments would  vary  with  the  needs  of  the  com- 
munity in  which  it  is  to  be  built.  The  plan, 
both  in  overall  pattern  and  details,  should  re- 
flect the  best  current  thinking  in  hospital  design. 
It  should  be  recognizable  as  a good  hospital  plan 
whether  the  hospital  is  built  with  or  without  the 
protective  features. 

(2)  The  protective  measures  should  he  in- 
corporated in  the  plan  in  a manner  that  will 
least  impair  the  normal  functional  aspects  of 
the  hospital  design.  Every  effort  should  be 
made  to  provide  an  efficient  and  economical  fa- 
cility, from  the  point  of  view  of  day-to-day 
operations,  of  such  design  and  construction  that 
the  civil  defense  requirements  do  not  adversely 
affect  hospital  functions.  The  I’esulting  design 


should  be  useful  as  a guide  for  planning  hos- 
pitals with  varying  degrees  of  protection  from 
maximum  to  minimum,  depending  upon  the 
community’s  civil  defense  program. 

(3)  Consideration  should  he  given  to  the 
maximwm  utilization  of  available  hospital  serv- 
ices for  shelter  purposes.  The  gieatest  economy 
in  design  and  construction,  it  is  believed,  would 
be  effected  if  the  space  and  equipment  provided 
exclusively  for  civil  defense  purposes  are  kept 
to  a minimum.  All  suitable  space  in  the  pro- 
tected area  should  be  considered  available  for 
shelter  use  during  the  emergency  period.  If 
the  equipment  vital  to  the  operation  of  the  shel- 
ter is  used  in  the  normal  operation  of  the  hos- 
pital, its  reliability  would  be  of  a high  order. 

(4)  The  plan  should  meet  the  basic  re- 
quirements of  current  huilding  codes.  Unless 
recommended  criteria  and  standards  resulting 
from  this  study  are  compatible  with  today’s  up- 
to-date  building  codes  and  regailations,  it  may 
be  difficult,  if  not  impossible,  to  use  them  on 
active  building  projects.  This  implies  that  the 
nursing  units  should  not  be  placed  in  a window- 
less structure  since  present  codes  do  not  permit 
a patient  room  to  be  so  located.  Similarly,  exit 
facilities,  mechanical  equipment,  and  other  such 
considerations  should  comply  with  functional 
hospital  practice  when  the  structure  is  in  evei’y- 
day  use. 

(5)  If  possible.,  the  protective  features  of 
the  resulting  plan  should  he  readily  apparent. 
Since  this  project  is  to  serve  as  a prototype,  the 
civil  defense  aspects  should  be  well  defined  and 
easily  assimilated. 

(6)  The  plan  and  the  exterior  design 
should  he  as  up-to-date  and  as  attractive  as  pos- 
sible. Attention  should  be  directed  toward 
making  this  project  appear  to  be  as  conventional 
as  possible.  Wholehearted  acceptance  and  use 
by  the  community  might  be  jeopardized  if  the 
resulting  structure  were  to  be  significantly  dif- 
ferent from  standard  construction. 
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THE  HOSPITAL  PLAN 


The  hospital  is  basically  a single-story 
structure  joined  to  a four-story  wing  by  a verti- 
cal shaft  that  contains  the  elevators  and  con- 
necting corridors.  A full  basement  is  provided. 

The  single-story  unit  is  the  protected  unit. 
It  is  windowless  and  is  planned  with  a minimum 
number  of  openings.  Only  those  hospital  ele- 
ments whose  function  or  use  would  not  be  jeop- 
ardized in  any  manner  by  being  located  in  a 
windowless  environment  are  contained  in  this 
unit.  On  the  first  floor,  it  houses  the  delivery 
suite,  surgical  suite.  X-ray  department,  phar- 
macy, laboratory,  physical  therapy  department, 
and  outpatient  facilities.  The  concept  of  plac- 


ing such  clinical  and  diagnostic  areas  in  a win- 
dowless structure  has  been  widely  accepted.  The 
basement  or  ground-floor  level  contains  dietary 
services,  laundry,  central  sterilizing  and  supply 
areas,  storage  rooms,  and  the  autopsy  suite. 
These  services,  it  should  be  noted,  are  frequently 
located  in  the  basement  or  underground  portions 
of  hospital  buildings  with  limited  access  to  an 
exterior  wall  opening. 

The  only  unusual  planning  deviation  for 
the  protected  unit  is  the  provision  for  ventila- 
tion. Fresh  air  is  provided  for  the  protected 
unit  by  means  of  an  isolated  air-intake  tower 
located  at  a distance  from  the  building,  to  ac- 
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Figure  1. — Site  plan. 
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Figure  2. — First-floor  plan. 


commodate  the  necessary  air-cleaning  devices. 
Similarly,  an  air-exhaust  tower  is  used  to  mini- 
mize the  number  of  openings  in  the  exterior 
walls.  It  might  have  been  feasible  to  locate 
the  air-intake  and  air-exhaust  stacks  contigu- 
ous to  the  exterior  walls,  but  it  was  considered 
architecturally  desirable  to  set  them  away  from 
the  buildings.  To  minimize  air  pollution,  these 
stacks  are  isolated  from  each  other  as  much  as 
possible. 

The  multistory  wing  and  the  elevator  shaft 
are  planned  to  be  of  conventional  construction. 
The  first  floor  contains  the  main  entrance  lobby, 
the  administration  department,  stall  doctors’ 
and  nurses’  facilities,  and  the  emergency  depart- 
ment, all  conveniently  accessible  from  the  street 
and  parking  area.  The  ground  floor  contains 
the  service  enti-ance,  employees’  facilities,  boiler 
room,  maintenance  shops,  and  locker  room, 
while  the  upper  floors  house  all  the  nursing 
units.  As  mentioned  previously,  current  build- 
ing codes  contain  restrictions  against  window- 
less patient  rooms.  This  is  the  prime  reason 
for  locating  the  nursing  units  in  the  unprotected 
wing  of  the  hospital.  Moreover,  at  this  time, 
tliere  is  a widespread  public  dislike  of  window- 
less patient  rooms.  Therefore,  since  it  was  pos- 
sible to  provide  adequate  shelter  space  without 
using  the  patient  areas,  this  was  done. 

For  shielding  purposes,  the  number  of 
openings  into  the  protected  unit  is  limited  to  the 
minimum  needed  for  functional  use.  On  the 
first  floor  is  a public  entrance  to  the  outpatient 
department  with  ready  access  to  X-ray,  phar- 
macy, laboratory,  and  physical  therapy.  An- 
other entrance  provides  access  for  inpatients, 
outpatients,  and  stall'  to  the  clinical  services. 
This  floor  also  contains  an  exit  door  for  use  in 
case  of  fire. 
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OSPITAL  ENTRANCE 


PROTECTED  UNIT 
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The  ground  floor  has  a public  entrance  to 
the  dining  facilities,  a service  entrance  to  the 
supply  and  housekeeping  areas,  and  a separate 
door  to  the  morgue  and  autopsy  suite.  The 
air-intake  and  air-exhaust  openings  also  are 
located  on  this  floor.  During  the  period  of  the 
radiation  fallout  emergency,  all  main  doors  to 
the  protected  unit  will  be  sealed  and  access  and 
egress  from  the  structure,  if  necessary,  will  be 
through  the  autopsy  entrance.  This  is  equipped 
with  airlocks  and  suitable  washing  facilities 
for  radiological  decontamination  of  individuals 
who  may  have  been  subjected  to  the  fallout 
environment. 

The  site  plan  is  designed  to  separate  service 
traffic  from  staff,  employee,  and  visitor  traffic. 
Convenient  parking  is  provided  for  visitors 
near  the  main  entrance,  and  if  necessary,  addi- 
tional parking  can  be  accommodated  in  the 
employees’  and  staff  main  parking  area  at  the 
side.  The  judicious  use  of  landscaping  and 
tree  plantings  serves  to  minimize  street  noise 
and  dust  as  well  as  improve  the  view  for  the 
hospital  occupants. 

Flexibility  to  permit  expansion  is  another 
important  consideration.  The  dotted  lines  on 
the  plans  indicate  suitable  directions  for  in- 
creasing the  clinical  and  service  departments; 
this  construction  may  be  protected  or  unpro- 
tected as  deemed  necessary.  The  surgical  de- 
partment could  be  expanded  into  the  obstetrical 
area,  which  then  could  be  relocated  to  the  sec- 
ond floor  of  the  protected  unit  along  with  an 
enlarged  maternity  and  nursei’y  department. 
Additional  medical  and  surgical  units  could  be 
constructed  over  the  new  obstetrical  unit  and 
the  existing  nursing  units. 
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Figure  3. — Ground-floor  plan. 
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PROTECTED  UNIT 
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Figure  4. — Second-floor  plan. 
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Figure  5. — Third-floor  plan. 
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Figure  6. — Fourth-floor  plan. 
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Figure  7. — Section  of  prototype  hospital  showing  relationship  of  protected  unit  to  nursing  unit. 


PLANNING  ALTERNATIVES 


In  addition  to  the  prototype  plan  shown, 
a number  of  alternative  schemes  were  con- 
sidered and  were  developed  to  various  stages. 

Alternative  Scheme  A (Fig.  8) 

The  protected  unit  can  be  located  entirely 
underground,  with  the  administration  and 
nursing  units  directly  above  it.  This  is  highly 
etfective  for  minimizing  radiation,  but  would 
require  some  compromise  in  functional  plan- 
ning. Although  the  shielding  requirement  for 


wall  and  roof  construction  of  the  protected  unit 
could  be  satisfied  with  less  material,  the  addi- 
tional excavation  and  waterproofing  required 
might  increase  the  total  cost  to  an  amount  equal 
to  or  more  than  the  cost  of  the  prototype. 

Alternative  Scheme  B (Fig.  9) 

Where  the  topography  of  the  hospital  site 
is  uneven,  it  may  be  possible  to  set  the  protecte<l 
unit  into  a hillside,  thereby  obtaining  maxi- 
mum shielding  benefit  from  the  natural  ground. 


ALTERNATIVE  SCHEME  A 

Figure  8. — Alternative  scheme  A:  with  protected 
unit  underground. 


ALTERNATIVE  SCHEME  B 

Figure  9. — Alternative  scheme  B:  with  protected 
unit  in  a hillside. 
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SHELTER  SPACE 


In  the  event  of  nuclear  attack,  under  nor- 
mal weather  conditions,  significant  amounts  of 
fallout  do  not  arrive  outside  the  blast  area 
sooner  than  about  one-half  hour  after  the  ex- 
plosion. It  is  reasonable  to  assume,  therefore, 
that  a hospital  located  outside  the  blast  area,  if 
promptly  notified  of  an  attack,  would  have  time 
to  prepare  for  the  fallout  emergency. 

Upon  such  warning,  all  patients,  staff,  and 
others  in  the  unprotected  wing  of  the  hospital 
would  be  evacuated  to  the  protected  unit. 
Keyed,  loose  masonry  blocks  would  be  placed 
to  seal  the  door  openings.  The  mechanical  and 
electrical  systems  would  be  switched  on  to  the 
preplanned  civil  defense  emergency  operating 
conditions  and  cots  would  be  set  up  to  accom- 
modate the  number  of  persons  to  be  sheltered. 
Based  on  current  civil  defense  thinking,  it  is 
assumed  that  the  fallout  emergency  may  last  as 
long  as  2 weeks,  and  sufficient  food,  fuel,  and 
other  supplies  should  be  stored  for  this  interval. 


Since  an  attack  may  occur  at  any  time,  the 
hospital  should  be  prepared  to  act  without 
delay  and  should  be  able  to  provide  shelter 
accommodations  at  least  for  all  individuals 
within  the  hospital  at  the  time  of  the  alert. 
The  peak  population  of  a 150-bed  general  hospi- 
tal is  estimated  to  be  363,  as  noted  in  figure  10, 
which  gives  an  indication  of  the  minimum  ac- 
commodations that  should  be  provided.  The 
type  of  basic  hospital  plan  selected  would 
strongly  influence  the  extent  of  the  protected 
area  that  would  be  economically  feasible.  In 
this  project,  for  example,  by  protecting  the  en- 
tire clinical-diagnostic  service  unit,  it  is  possible 
to  accommodate  a total  of  about  750  persons  at 
little  extra  cost  over  the  amount  required  to 
provide  protection  for  the  minimum  popula- 
tion. This  additional  capacity  would  be  an 
important  adjunct  to  the  community’s  civil  de- 
fense program  by  providing  the  accommoda- 
tions to  shelter  more  hospital  and  medical  per- 
sonnel as  well  as  the  public. 


Department 

24-hour  population 

Peak  occupancy 

OPERATING  STAFF 

Total 

Male 

Female 

Total 

Male 

Female 

Administrative  _ . . _ 

20 

4 

16 

18 

3 

15 

X-ray  -----  

7 

4 

3 

7 

3 

0 

Nursing-  - - - - 

105 

5 

100 

52 

2 

50 

Laboratory  - -.  --  - -- 

9 

5 

4 

9 

5 

4 

Dietary  . - --  - - - - - 

24 

4 

20 

18 

2 

16 

Housekeeping--  - - --- 

28 

14 

14 

21 

10 

11 

Plant  operation  - - - - - 

10 

10 

0 

7 

7 

0 

Laundry  - - - - - 

10 

2 

8 

10 

2 

8 

Pharmacy 

2 

1 

1 

2 

1 

1 

Outpatient  department  - 

7 

2 

5 

7 

2 

5 

Physical  therapy  - - 

2 

1 

1 

2 

1 

1 

Central  sterile  supply-  - 

10 

0 

10 

10 

0 

10 

Physicians; 

Obstetrics  - - - - - 

5 

5 

0 

2 

2 

0 

Surgery  - ----  --  - - 

20 

20 

0 

10 

10 

0 

General  practitioners-  - 

20 

20 

0 

10 

10 

0 

Others  - --  -- 

7 

7 

0 

3 

3 

0 

OTHER  AMBULATORY  PERSONS 

Volunteers  - - - - 

5 

5 

0 

5 

Visitors-  - --  - 

20 

20 

10 

10 

Others  (Sales,  service) 

10 

10 

10 

10 

Outpatients  - --  - 

20 

20 

10 

10 

Total-  --- 

341 

243 

94 

149 

HOSPITALIZED  PATIENTS 

Tnp/itipints  ^80  pprrpnt  of  hpH  prtpnr.ity'l 

120 

120 

Total 

461 

363 

Figure  10. — Estimated  occupancy  for  150-bed  hospital. 


12 


Shielding 

By  utilizing  the  principles  outlined  in  this 
project,  any  degree  of  protection  from  fallout 
radiation,  commensiu-ate  with  the  community’s 
civil  defense  plan,  can  be  incorporated  in  the 
hospital  design.  The  shielding  requirements  for 
a particular  hospital  should  be  evaluated  by  the 
local  authorities  on  the  basis  of  its  location  with 
respect  to  probable  target  areas,  direction  of 
prevailing  winds,  potential  for  evacuation,  and 
similar  civil  defense  considerations. 

For  this  study  project,  a radiation  protec- 
tion factor  of  1,000  was  adopted  for  the  pro- 
tected unit.  According  to  present  estimates, 
this  would  generally  be  adequate  for  the  heav- 
iest fallout  areas.  To  achieve  this  degree  of 
protection,  the  exposed  wall  construction  should 
be  equivalent  to  a mass  thickness  of  315  pounds 
per  square  foot  (about  26  inches  of  concrete) 
and  the  roof  230  pounds  per  square  foot  (about 
20  inches  of  concrete).  If  a smaller  shielding 
value  is  selected,  less  thickness  of  wall  and  roof 
construction  would  be  required.  Since  the  re- 
quirements other  than  shielding  (that  is,  me- 
chanical, electrical,  and  architectural)  will  be 
the  same  for  any  degree  of  fallout  protection, 
it  is  readily  apparent  that  the  protection  capa- 
bility is  controlled  by  the  amount  of  shielding 
provided.  Because  the  small  increases  in  mass 
thicknesses  needed  to  provide  higher  degrees  of 
shielding  ai’e  comparatively  inexpensive,  the 
additional  cost  of  better  protection  from  fall- 
out is  insignificant. 

For  appropriate  shielding  design  informa- 
tion, the  hospital  architects  and  engineers 
should  consult  the  “Engineering  Manual — De- 
sigi  and  Review  of  Structures  for  Protection 
from  Fallout  Gamma  Radiation.”^ 

A vital  factor  in  obtaining  a reasonably 
uniform  shielding  value  throughout  the  pro- 
tected unit  is  to  plan  the  area  with  as  few  open- 
ings to  the  outside  as  possible.  Doors,  windows, 
stair  towers,  elevator  shafts,  and  similar  large 
openings  are  difficult  to  protect  efficiently.  A 
circuitous  entrance  pattern  or  maze  will  reduce 
radiation  penetration  (although  not  to  the  same 
extent  as  a direct  closure),  but  it  hinders  traffic 
flow.  Direct  closures  of  exterior  wall  openings 
by  temporary  baffle  walls  or  massive  doors,  on 
the  other  hand,  can  be  made  as  effective  as  the 

^Copies  may  be  obtained  from  the  OflSce  of  Civil 
Defense,  Department  of  Defense,  Washington  25,  D.C. 


basic  wall  construction  without  affecting  traffic 
in  any  way. 

Since  efficient  traffic  patterns  are  a func- 
tional requirement  in  hospital  planning,  the  use 
of  direct  closures  of  exterior  Avail  openings  is 
recommended.  Temporary  baffle  Avails  are  more 
practical,  from  an  economic  point  of  vieAv,  Avhen 
a high  degree  of  shielding  is  specified.  They, 
therefore,  are  used  in  this  study  project.  Heavy 
doors  would  be  more  suitable,  howeA’er,  if  the 
specified  radiation  reduction  factor  Avere  low. 

The  elevator  and  stair  shafts  are  removed 
from  the  protected  unit  without  sacrifice  of 
vital  hospital  functions,  thereby  eliminating 
the  need  for  any  protective  measures  for  these 
elements. 

Sleeping 

On  the  basis  of  an  80  percent  average  oc- 
cupancy rate,  it  is  assumed  that  this  hospital 
would  have  a census  of  120  patients.  Since  ap- 
proximately 10  percent  of  a hospital’s  patient 
population  is  critically  ill,  these  patients  Avould 
need  intensive  nursing  care  during  the  civil 
defense  emergency  period.  Single  cots  are  pro- 
vided for  these  critically  ill  patients  in  the  re- 
coA’ery  room  of  the  surgical  department,  Avhere 
adequate  intensive  nursing  facilities  are  avail- 
able. The  remaining  108  patients  would  be  as- 
signed to  double-deck  cots  dispersed  throughout 
the  surgical  and  obstetrical  suites,  as  shoAvn  on 
figures  11  and  12. 

A small  room  or  tAvo  rooms  should  be  avail- 
able for  use  as  an  isolation  area  in  case  one  or 
more  patients  present  symptoms  of  a contagious 
infection.  The  labor  rooms  in  the  obstetrical 
suite  or  perhaps  one  of  the  operating  room.s 
would  be  suitable  for  this  purpose. 

Although  this  project  did  not  require  a 
study  of  the  operational  aspects  of  a hospital 
shelter,  it  Avas  necessary  to  consider  various  op- 
erational assumptions  in  order  to  determine  re- 
quirements for  s[)ace  and  other  hospital  func- 
tions. For  instance,  in  order  to  provide  for 
the  actiA’ities  in  the  shelter  during  the  fallout 
emergency  period,  it  is  a.ssumed  that  a|>pro\i- 
mately  32  administrative  personnel  Avould  U- 
required.  Since  this  staff  would  In*  on  inH 
around  the  cloc’k,  it  is  recominende<l  that  they 
be  assigned  f)ennanent  spaces  in  double  de<  k 
cots.  All  other  nonpatients  would  U-  organized 
on  a three-shift -per-dav  piogram  of  work  rest 
sleep  and  three  persons  would  Ik*  assigned  to 
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Figure  11. — First  floor:  sleeping  arrangements  during  emergency  showing  the  suggested  cot  distri- 
bution for  maximum  utilization  of  the  first  floor  of  the  protected  unit.  Approximately  750  accommo- 
dations are  shown  here  and  on  figure  12. 
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GROUND  FLOOR 


Figure  12. — Ground  floor:  sleeping  arrangements  during  emergency  showing  the  suggested  cot 
distribution  for  maximum  utilization  of  the  ground  floor  of  the  protected  unit. 


each  double-deck  bunk  unit  for  sleeping  pur- 
poses. With  this  arrangement,  one-third  would 
be  sleeping,  one-third  would  be  assigned  to  a 
wmrk  detail  attending  to  patients  and  keeping 
the  shelter  in  order,  and  the  remaining  third 
would  be  on  off-duty  status  in  the  day  space. 


This  would  eliminate  the  “hot  iMink”  piDhlnn 
without  requiring  an  e.xce.ssive  mimlM*r  of  vlrvp 
ing  accommodations. 

Bedding  (a  sheet  or  unline<i  sleeping  hag) 
and  a number  of  indispensable  personal  hygiene 
items  in  a kit  would  1m*  furnishe<l  »*a«  h «H  < up:n>f . 
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Food 


Since  the  dietary  department,  including 
food  storage,  is  in  the  protected  unit,  all  food  re- 
serves in  the  hospital  at  the  beginning  of  the 
alert  would  be  available  during  the  civil  defense 
emergency.  Under  an  average  hospital’s  rou- 
tine purchasing  policy,  this  stock  of  food  sup- 
plies rationed  to  the  shelter  occupants  at 
subsistence  levels  might  last  as  long  as  a week. 
This  means  that  for  disaster  conditions,  pre- 
packed food  rations  would  then  have  to  be  fur- 
nished for  another  week.  Cooking  should  be 
kept  to  a minimum,  being  limited  to  soups  and 
beverages  warmed  on  the  electric  cooking 
appliances. 

For  maximum  utilization  of  working  per- 
sonnel and  facilities  within  a normal  three- 
meals-per-day  schedule,  food  can  be  served 
every  6 hours  around  the  clock,  as  indicated  in 
the  shelter  operational  chart,  figure  13.  Except 
for  bedridden  patients,  cafeteria-style  serving 
lines  using  single-service  paper  plates  and  cups 
are  recommended  if  sufficient  water  is  not  avail- 
able for  washing  dishes. 


0^00 


12  = 00 


WORK  □ MEALS  0 SLEEP  H RECREATION  0 

Figure  13. — Operational  schedule  of  shelter  ac- 
tivities showing  a suggested  routine  for  the  daily 
activities  of  the  shelter  inhabitants  based  on 
dividing  the  day  into  three  8-hour  shifts. 


ELECTRIC  POWER 


Electric  service  for  a protected  hospital  of 
the  type  described  herein  operates  in  the  same 
manner  as  for  an  ordinary  nonprotected  hos- 
pital. Occasional  interruption  of  the  utility 
service  is  expected  for  any  hospital  during  the 
normal  course  of  time  and  events.  An  emer- 
gency electric  service,  usually  of  limited  ca- 
pacity, is  required  for  all  hospitals  to  assure 
continuity  of  critical  functions  within  the  hos- 
pital. Many  public  utility  service  facilities 
will  not  be  protected  against  fallout  radiation; 
hence  it  must  be  assumed  that  sucli  services  will 
not  be  available  during  such  an  emergency. 
Accordingly,  emergency  electric  generating  fa- 
cilities must  be  installed  in  the  protected  sec- 
tions of  the  hospital  and  must  be  of  sufficient 
capacity  and  have  the  correct  electrical  char- 
acteristics for  operation  of  the  selected  lighting, 
pumps,  fans,  and  other  essential  motorized 
equipment,  as  well  as  for  cooking  or  warming 
food.  A supply  of  fuel  and  lubricants  for  op- 
eration of  the  generating  unit  at  full  load 


continuously  for  not  less  than  2 weeks  should 
be  provided. 

This  hospital  is  divided  into  two  principal 
sections:  one  section  protected  against  fallout 
radiation,  the  other  an  unprotected  section. 
During  an  ordmaiy  interruption  of  the  utility 
service,  the  emergency  service  would  be.  con- 
nected in  both  the  protected  and  the  unpro- 
tected sections.  During  fallout  conditions,  the 
emergency  service  would  be  manually  discon- 
nected from  the  unprotected  section.  The 
emergency  electric  cajjacity  thus  saved  could 
then  be  applied  in  the  pi’otected  section  to 
operate  additional  equipment  that  is  not  emer- 
gency-operated during  an  ordinary  short-time 
interruption  of  the  normal  utility  service. 

For  this  particular  design,  it  is  estimated 
that  the  emergency  power  capacity  required  for 
lighting  and  for  operation  of  essential  equip- 
ment in  the  protected  section  alone,  under  fall- 
out emergency  conditions,  would  be  250 
kilowatts.  This  is  less  than  the  estimated  301 
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kilowatts  needed  for  both  the  protected  and 
unprotected  sections  during  an  ordinary  short- 
time  interruption  of  the  normal  utility  service. 

In  both  the  protected  and  the  unprotected 
sections  of  the  hospital,  the  selected  lighting  cir- 
ciiits  should  be  automatically  connected  to  the 
emergency  service  when  the  normal  service  is 
interrupted,  but  motors  (except  fractional 
liorsepower  motors)  should  be  arranged  for 
manual  starting  in  such  a sequential  manner  so 


as  not  to  overload  the  generator.  Overload 
protection  of  feeders  should  be  so  provided  that 
an  internal  fault  in  one  section  of  the  hospital 
will  not  cause  an  interruption  of  service  in  the 
other  section. 

It  is  recommended  that  consideration  be 
given  to  providing  circuitry  to  permit  conven- 
ience of  alternately  operating  certain  equipment 
and  also  for  possible  future  connection  of  addi- 
tional generating  capacity. 


MECHANICAL  SYSTEMS 


The  primary  consideration  in  the  design  of 
the  mechanical  systems  is  to  provide  for  the 
normal  requirements  of  the  hospital  and  to  in- 
corporate those  features  necessary'  to  accommo- 
date the  disaster  conditions  resulting  from  a 
nuclear  explosion.  To  accomplish  this,  it  is 
necessary  to  deviate  slightly  from  the  conven- 
tional designs  of  several  systems  in  the  pro- 
tected unit.  However,  these  deviations  in  no 
way  detract  from  normal  service,  and  in  some 
respects  improve  the  seiwice. 

The  utilities  and  services  discussed  in  this 
section  are : plumbing,  water  supply,  fire  pro- 
tection, heating,  air  conditioning  and  ventila- 
tion, and  refuse  aiid  garbage  disposal. 

As  previously  described,  the  hospital  is  di- 
vided into  two  main  areas,  an  unprotected  area 
and  a protected  area,  separated  from  each  other 
by  an  elevator  tower.  The  unprotected  area 
houses  the  administration  and  nursing  functions 
and  the  protected  area  houses  the  adjunct  facil- 
ities, including  such  service  areas  as  laundry 
and  kitchen. 

Since  the  unprotected  area  would  be  evacu- 
ated at  the  time  of  the  emergency  and  would 
have  no  function  in  the  shelter  plan,  no  special 
mechanical  design  considerations  are  involved. 
The  details  of  such  design  are  well  established 
and  are  not  discussed  here  except  to  point  out 
several  features  pertinent  to  the  overall  plan. 
The  main  boiler  plant,  including  the  incinera- 
tor, which  serves  the  entire  hospital  facility  is 
located  in  the  unprotected  area.  Individual 
piping  systems  are  continuous  throughout  the 
entire  facility,  but  during  an  emergency  it  will 
be  necessary  to  shut  off  the  piping  systems  in 
the  vmprotected  area  and  isolate  them  from  the 
shelter.  To  facilitate  this  shutoff,  the  piping 
systems  are  grouped  at  the  point  where  they 


pass  from  the  unprotected  area  to  the  protected 
area  and  are  valved  on  the  protected  area  side. 
Because  of  the  physical  separation  of  the  two 
hospital  areas  by  the  elevator  tower,  the  use  of 
individual  air-conditioning  systems  for  each 
area  is  preferred.  Separate  systems  reduce  the 
possibility  of  infusion  and  contamination  of  the 
air  in  the  protected  unit  by  the  air  from  the 
unprotected  area.  The  cooling  tower  that 
serves  the  unprotected  area  and  the  house  tank 
for  domestic  water  service  are  located  at  the 
top  of  the  elevator  tower.  The  entire  air  sup- 
ply for  the  unprotected  area  enters  through  a 
stack  on  the  roof  at  one  end  of  the  building,  as 
remote  as  possible  from  the  boiler,  incinerator, 
and  ventilation  exhaust  stack  unit  that  is  lo- 
cated on  the  roof  at  the  opposite  end  of  the 
building. 

The  protected  unit  of  the  hospital  will  be 
used  as  the  shelter  during  the  emergency.  -V 
space  analysis  indicates  that  this  area  can  ac- 
commodate approximately  750  pei-sons  during 
this  period.  The  deviations  from  conventional 
design  necessary  to  counteract  the  possible  con- 
tamination of  outside  water  and  air  and  to 
insure  adequate  disposiil  of  all  wastes  are  dis- 
cussed in  detail  under  the  individual  meehatii<  al 
systems  affected. 

Plumbing 

The  plumbing  system  is  designed  for  iior 
mal  hospital  operation,  with  the  assumption 
that  a public  sjxnitarv  and  storm  s«‘wei:iL'’e  sy- 
tem  and  a public  water  supply  are  available. 
As  previously  mentioned,  the  water,  s«‘wer.  jja-. 
oxygen,  and  other  piping  systems  are  grmiprd 
and  valved  at  the  point  where  they  enter  the 
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protected  area,  to  permit  quick  cutoff  from  the 
unprotected  area  upon  warning  of  an  emer- 
gency. 

To  reduce  to  a minimum  the  number  of 
openings  through  the  roof,  the  individual  vent 
lines  serving  the  plumbing  fixtures  in  this  area 
are  connected  into  two  vent  headers.  Each  of 
these  headers  has  one  vent,  to  the  outside,  which 
is  provided  with  a hood  to  prevent  any  fallout 
from  dropping  into  the  vent. 

Because  the  municipal  sewage  disposal  fa- 
cilities may  be  damaged  or  may  not  be  protected 
against  radiation  resulting  from  fallout,  and 
therefore  may  not  be  manned  or  in  operation 
during  the  emergency,  a sewage  sump  and 
ejector  system  is  installed  to  provide  a positive 
means  of  removal  of  sewage  from  the  building 
(fig.  14).  The  discharge  from  this  sump  is 
carried  to  the  street  sewer  line.  Should  the 
street  sewer  become  blocked,  a bypass  is  pro- 
vided which  will  permit  discharge  of  the  sewage 
to  the  ground  surface  outside  the  building. 
During  normal  operations,  the  ejector  system  is 
not  used  and  the  bypass  line  is  capped. 

A check  valve  and  shutoff  valve  are  in- 
stalled in  the  normal  building  drain.  The 
fresh  air  inlet  at  the  house  trap  pierces  the 
basement  wall  underground  and  then  runs 
vertically  to  the  atmosphere  where  it  terminates 
with  a gooseneck  attachment  above  ground. 

'\^^lere  the  site  permits  gi’avity  flow  of 
sewage  to  the  outside  ground  surface,  a bypass 
without  ejector  would  suffice.  However,  the 
sewage  sump  and  ejector  would  be  helpful  for 
disposal  of  waste  where  chemical  toilets  must 
be  used.  If  a sewage  ejector  is  required  for 
normal  operation,  a bypass  line  for  the  normal 
building  drain  should  be  installed. 

Rain  water  leaders  serving  the  protected 
area  are  located  on  the  exterior  of  the  building. 
Interior  leaders  are  not  used  because  of  the 
possibility  of  radioactive  materials  entering  the 
leaders  and  creating  a source  of  radioactivity 
within  the  shelter. 

The  number  and  type  of  plumbing  fixtures 
used  are  those  which  would  be  designed  for 
service  on  the  basis  of  normal  hospital  opera- 
tion. If  the  water  supply  is  insufficient  to  per- 
mit the  use  of  the  standard  fixtures,  chemical 
toilets  will  be  required.  The  waste  from  chem- 
ical toilets  may  be  disposed  of  through  the 
sewage  sump  ejector  system. 

The  Office  of  Civil  and  Defense  Mobiliza- 
tion has  defined  plumbing  fixture  requirements 
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Figure  14. — Plan  arrangement  of  sewage  ejector 
bypass  for  use  during  emergency. 


for  mass  public  shelters.  However,  because 
hospital  patient  requirements  exceed  those  of 
the  healthy  population,  the  following  fixture 
criteria  have  been  developed  for  hospital 
shelters : 

Water  closets  1 for  each  25  patients  and 

1 for  each  35  nonpatients 
Lavatories  1 for  each  35  persons 

Shower  baths  1 for  each  60  patients  and 

1 for  each  120  nonpatients 

The  number  of  water  closets  and  lavatories 
provided  in  the  protected  unit  amply  meets  the 
requirements  for  an  anticipated  population  of 
750  persons  in  the  hospital  shelter.  The  num- 
ber of  shower  baths,  however,  is  insufficient  to 
meet  the  criteria,  but  this  problem  is  solved  b}" 
providing  for  the  installation  of  a hose  bibb  and 
shower  head  in  each  janitor’s  closet  over  the 
floor-type  receptor  which  can  serve  as  the  drain. 

Water  Supply 

The  design  of  the  water  distribution  system 
is  conventional,  and  is  supplied  by  two  services 
from  public  water  mains  and  from  a house  tank 
in  areas  where  water  main  pressure  is  unreli- 
able or  inadequate.  A house  tank  is  assumed 
to  be  necessary  for  this  project. 

Because  of  the  possibility  of  radiological 
contamination  of  sources  of  public  water  sup- 
ply, such  as  impounded  reservoirs,  rivet’s,  and 
water  sheds,  and  because  of  possible  destruction 
or  contamination  of  municipal  distribution 
lines,  it  is  essential  that  a reliable  source  of 


18 


water,  independent  of  the  municipal  system,  be 
available  during  the  emergency  (fig.  15). 
Ground  water,  which  is  available  in  many  parts 
of  the  country,  offers  a solution  to  the  problem, 
since  a well  can  be  developed  within  the  pro- 
tected area. 

According  to  established  code,  private  well 
systems  cannot  be  connected  to  the  normal  dis- 
tribution system  serv^ed  by  a public  water  sup- 
ply. In  this  project,  a pneumatic  pressure 
system  is  used  with  the  well  and  provision  is 
made  for  quickly  connecting  the  two  systems  at 
the  time  of  emergency.  This  connection  con- 
sists of  a spool  piece  which  can  be  inserted 
between  blank  flanges  provided  in  each  of  the 
systems. 

The  well  should  have  a capacity  to  produce 
a minimum  of  25  gallons  of  water  per  day  per 
person  for  drinking,  cooking,  and  sanitary 
purposes.  In  addition,  it  should  provide  suffi- 
cient water  for  cooling  the  air-conditioning 
equipment  and  the  emergency  electric  genera- 
tor. The  amount  of  water  required  for  cooling 
the  equipment  will  vary  according  to  climatic 
conditions. 

'Wliere  wellwater  is  available  but  not  suit- 
able for  human  consumption,  the  water  may 
be  utilized  for  sanitary  and  cooling  purposes. 
In  this  event,  storage  must  be  provided  for  a 
minimum  of  1 gallon  of  potable  water  per  per- 
son per  day  for  drinking  purposes. 

The  potable  water  storage  tank  should  be 
located  preferably  in  the  protected  area  and 
placed  in  series  with  the  public  water  supply 
system.  This  produces  constant  circulation 
through  the  storage  tank  during  normal  opera- 
tion which  prevents  stagnation  and  assures  a 


-HOUSE  TANK 


FOURTH  FLOOR 
THIRD  FLOOR 
SECOND  FLOOR 

FIRST  FLOOR 


WATER  SUPPLY-A  HOUSE  PUMPS 


supply  of  fresh  water  at  the  beginning  of  the 
emergency.  Where  a house  tank  is  provided,  it 
may  serve  as  storage  for  potable  water.  To 
control  the  use  of  stored  water  during  the  emer- 
gency, a water  line  independent  of  the  normal 
distribution  system  should  be  installed  fi’om  the 
storage  tank  to  a convenient  point  for  rationing. 

The  storage  of  sufficient  water  for  all  pur- 
poses is  impractical  because  of  cost,  space  i-e- 
quirements,  and  difficulty  of  maintenance.  If 
water  is  not  available  from  the  public  system 
or  from  a well,  it  will  be  necessary  to  store 
drinking  water,  use  chemical  toilets,  and  pro- 
vide air-cooling  systems  for  the  air-conditioning 
condensers  and  electric  generator. 

Heating 

Boiler  rooms  are  usually  designed  with 
large  doors  and  windows  to  facilitate  the  re- 
moval of  equipment  and  to  provide  light  and 
ventilation.  These  openings  make  the  boiler 
room  a particularly  hazardous  area  and  unten- 
able in  case  of  radioactive  fallout.  For  this 
reason,  a source  of  heat  must  be  provided  for 
use  during  the  emergency.  Two  methods  for 
providing  this  heat  merit  investigation:  (1) 
recovery  of  the  heat  produced  by  the  diesel 
engine  emergency  electric  generator  or  (2)  a 
small  emergency  boiler. 

Because  of  the  construction  characteristics 
of  the  protected  area  and  its  high  density  popu- 
lation, space  heating  is  limited  to  the  tempering 
of  ventilation  air  during  extreme  winter  condi- 
tions. It  is  assumed  that  the  hospital  functions 
during  the  emergency  will  be  minunal,  involv- 
ing only  care  of  patients,  necessary  surgery, 
and  deliveries.  As  a result,  sterilizing  require- 
ments will  be  minimal  and  may  Ikj  handled  by 
an  electric  sterilizer  supplementetl  by  the  rou- 
tine steam  sterilizei-s,  if  needed.  The  hot 
water  heating  load  will  depend  iipon  tlie  avail- 
ability of  a water  supply  and  may  vary  in 
different  areas  of  the  count rv.  ^Vhere  the 


Figure  15. — Schematic  diagram:  domestic  water  distribution. 
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HUMIDITY 

Figure  16. — Effective  temperature  chart  showing 
the  combination  of  temperature  and  humidity 
conditions  represented  by  an  effective  tempera- 
ture of  75  degrees. 


water  supply  is  limited,  austerity  must  be  in- 
voked, and  the  boiler  load  will  be  considerably 
less  than  where  a well  source  is  available. 

A study  of  the  two  meth.ods  of  heatmg 
indicates  that  the  installation  of  a small,  high- 
pressure  boiler  in  the  protected  area  would  be 
more  economical,  less  complicated,  and  more 
readily  adaptable  for  emergency  hospital  oper- 
ation. Although  the  mechanical  system  may 
be  designed  for  normal  usage  of  this  boiler, 
such  an  arrangement  ordinarily  will  be  uneco- 
nomical in  utility  and  operation.  For  this 
reason,  therefore,  this  high  pressure  boiler 
should  be  considered  suitable  only  for  emer- 
gency purposes. 

Oil  is  recommended  as  the  fuel  for  the 
emergency  boiler  because  an  ample  supply  can 
easily  be  stored  for  the  emergency  period,  elim- 
inating dependence  Tipon  an  outside  supply 
source.  The  oil  supply  for  the  emergency 
boiler  and  the  emergency  electric  generator 
should  be  stored  in  one  tank.  The  occasional 
power  outages  under  normal  operation,  wliich 
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should  be  anticipated,  would  require  operation 
of  the  electrical  generator  and  would  provide 
some  turnover  of  this  oil  supply.  A single 
storage  tank  would  facilitate  closer  supervision 
of  the  supply. 


Air  Conditioning  and  Ventilation 

The  air  components  for  physical  comfort 
and  well-being  with  which  we  are  primarily 
concerned,  especially  in  a shelter  having  a high 
occupancy,  are  oxygen,  carbon  dioxide,  and 
water  vapor.  However,  consideration  also 
must  be  given  to  odorous  and  pathogenic  con- 
taminants that  occur  in  hospitals,  and  to  chem- 
ical, biological,  and  radiological  warfare  agents 
that  must  be  anticipated  during  disaster 
conditions. 

Suitable  levels  of  oxygen  and  carbon  di- 
oxide must  be  maintained  at  all  times  in  the 
protected  ai’ea.  Based  on  the  necessary  activity 
in  a hospital  shelter,  an  estimated  average  of 
0.9  cubic  foot  of  cax'bon  dioxide  would  be  pro- 
duced each  hour  by  each  occupant.  An 
atmospheric  concentration  of  3 percent  carbon 
dioxide  is  the  maximum  that  a healthy  person 
can  tolerate  without  physical  strain.  Such 
concentration  could  be  disastrous  to  some  hos- 
pital patients.  According  to  present  estimates, 
the  ventilation  system  for  this  protected  unit 
could  be  shut  down  for  a continuous  period  of 
20  hours  before  the  area  attains  the  critical 
level  of  3 percent  carbon  dioxide. 

Bulk  oxygen  storage  for  hospital  use  is 
located  adjacent  to  the  protected  area,  and  the 
main  from  this  oxygen  source  enters  the  hos- 
pital in  the  protected  unit.  Should  dangerous 
ventilation  conditions  occur  in  the  hospital 
shelter,  this  oxygen  supply  could  be  used  as  a 
source  of  oxygen  replenishment.  Absorption 
and  closed  regenerative  systems  to  maintain  the 
desired  oxygen  and  carbon  dioxide  levels  are 
considered  to  be  too  complicated  and  expensive 
to  install  in  hospitals. 
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Figure  17. — Schematic  diagram:  air  conditioning  heat  removal  systems. 
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Suitable  levels  of  oxygen  and  carbon  di- 
oxide are  best  maintained  by  the  introduction 
of  fresh  outdoor  air  into  the  area  by  means  of 
air  conditioning.  Minimmn  outdoor  air  venti- 
lation rates  to  maintain  proper  levels  of  oxygen 
and  carbon  dioxide  are  dependent  upon  the  per 
capita  space  allotment  of  the  area  involved. 
The  Office  of  Civil  and  Defense  Mobilization 
has  established  3 cubic  feet  per  minute  per  per- 
son as  the  minimum  ventilation  rate  for  mass 
public  shelters.  Because  of  the  physical  condi- 
tion of  many  of  the  occupants  of  a hospital 
shelter  and  because  of  the  ventilation  require- 
ments for  certain  clinical  areas  that  may  be 
active  during  an  emergency,  a minimum  rate  of 
7 cubic  feet  per  minute  per  pereon  is  recom- 
mended for  hospital  shelters.  This  higher 
ventilation  rate  provides  for  odor  control  and 
also  assists  in  maintaining  sufficient  air  pres- 
sure within  the  protected  area  to  prevent  m- 
filtration  of  contaminated  outdoor  air.  If  the 
outdoor  air  supply  is  limited  to  less  than  7 
cubic  feet  per  minute,  consideration  should  be 
given  to  designing  the  ventilation  system  with 
space  for  hisertion  of  activated  charcoal  filters 
for  odor  control. 

Temperatui’e  and  humidity  must  be  main- 
tained within  reasonable  comfort  levels,  par- 
ticularly for  the  benefit  of  hospital  patients. 
Effective  temperature,  which  is  an  arbitrary 
index  representing  the  effect  of  warmth  or  cold 
felt  by  the  human  body,  is  the  best  available 
index  of  ambient  atmospheric  conditions  in  re- 
lation to  the  physiological  response  of  man. 
An  effective  temperature  not  to  exceed  75  de- 
grees is  recommended  for  hospital  shelter  areas. 
This  provides  a range  of  temperatures  and  hu- 
midities somewhat  above  normal  design  practice 
for  comfort  but  well  within  tolerable  limits 
(fig.  16). 

Because  of  the  construction  characteristics 
of  shelters,  the  population  density  anticipated, 
and  the  physical  condition  of  many  occupants, 
year-round  air  conditioning  will  be  necessary 
for  hospital  shelters  in  most  areas  of  the 
country. 

Design  Features 

The  air-conditioning  and  ventilation  sys- 
tem is  designed  for  nonnal  hospital  operation, 
but  modification  of  the  design  is  required  to 
meet  the  conditions  anticipated  during  an 
emergency. 


The  air-conditioning  system  consists  of  a 
central  compressor  plant  and  water  chillers, 
with  an  evaporative  condenser  for  dissipation 
located  at  ground  level  outside  the  protected 
area  (fig.  17).  Individual  conditioning  units 
consisting  of  a fan  and  filter;  preheat,  cooling, 
and  reheat  coils ; and  a humidifier  are  used  for 
each  hospital  department.  In  the  units  serving 
the  kitchen  and  laundry  departments,  the  cool- 
ing coils  are  installed  primarily  for  use  during 
the  emergency  and  are  valved  to  permit  a cut- 
off when  not  required  during  normal  operations. 

Outdoor  air  is  delivered  to  each  unit  by  a 
duct  system  from  the  central  supply  air  plenum 
chamber.  This  outdoor  air  is  filtered  at  the 
main  air  intake  duct  before  it  is  delivered  to  the 
mdividual  conditioning  units.  The  filtei-s  used 
in  each  of  the  individual  units  for  final  filtering 
are  selected  according  to  the  air  quality  re- 
quired by  the  department  served.  For  ex- 
ample, the  units  serving  the  operating,  delivery, 
and  recovery  rooms  require  filters  capable  of 
removing  90  to  99  percent  of  all  particulate 
matter  in  the  size  range  of  1 to  5 microns. 
Such  areas  as  the  laundrj’  and  the  waiting  room 
in  the  outpatient  department  are  amply  served 
by  medium-grade  filters  with  efficiencies  of  60 
to  90  percent  in  the  same  particle  size  range. 

All  duct  systems  are  equipped  with  modulat- 
ing dampers  that  permit  varying  the  amounts 
of  outdoor  and  recirculated  air  in  each  depart- 
ment during  normal  hospital  operation  (fig. 
18) . This  applies  particularly  to  the  operat  ing 
and  delivery  rooms  where  recirculation  of  air 
is  permitted  when  these  rooms  are  not  in  use 
(fig.  19).  In  addition,  these  dampers  are  .so 
arranged  that  they  can  be  reset  from  a central 
control  point  to  deliver  only  the  predeteniiine<l 
quantity  of  fresh  air  alloted  to  each  area  during 
an  emergency. 

Chilled  water  for  each  unit  is  supplied  by 
the  central  refrigeration  system  hx-ated  in  ihe 
protected  area.  Steam  is  supplied  by  the  main 
boiler  plant  to  each  unit  during  nonnal  <i|M‘ia 
tion  and  by  the  standby  lajiler  in  the  proti>cic»l 
area  during  an  emergenc}-. 

Since  there  is  ample  headnK)m  alM)ve  the 
finished  ceiling.s,  the  conditioning  units  arc 
placed  on  large  platfonns  in  this  space.  tliu» 
providing  room  for  personnel  to  move  aronml 
the  equipment  to  service  it.  Without  t hi"  head 
room,  these  units  would  have  l>een  hxate.l  m 
an  equipment  nx)m  iti  each  area.  'I’he  iijx-  of 
individual  conditioning  units  is  considered  gixxl 
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design  for  hospital  systems  and  adequately  ful- 
fills the  emergency  protection  requirements. 
Individual  units  have  several  advantages:  (1) 
greater  flexibility  of  use  can  be  provided;  (2) 
control  systems  are  less  complicated;  (3)  tem- 
perature fluctuation  in  transmission  from  the 
equipment  to  the  conditioned  area  is  reduced; 
and  (4)  only  one  area  is  affected  by  a break- 
down. 

Each  department  is  served  by  an  individual 
exhaust  fan  that  operates  in  conjunction  with 
the  department  air-supplying  unit  to  maintain 
a proper  air  balance.  The  surgical  and  obstet- 
rical suites  are  served  by  several  supply  and 
exhaust  systems  to  provide  flexibility  during 
periods  of  partial  use  of  these  areas. 

All  exhaust  fans  are  located  in  one  large 
machine  room  from  which  they  discharge  into 
the  common  exhaust  plenum  and  the  central 


exhaust  stack  (fig.  20).  This  arrangement 
facilitates  maintenance  of  the  fans  and  pi’ovides 
a negative  pressure  in  the  parts  of  the  exhaust 
duct  system  that  supply  the  hospital. 

Outdoor  air  for  the  entire  protected  area 
enters  through  a freestanding  tower  located 
approximately  25  feet  from  one  end  of  the 
building.  All  exhaust  air  from  the  protected 
area  is  discharged  from  a similar  tower  located 
at  the  opposite  end  of  the  building.  The  two 
towers  are  separated  as  far  as  practicable,  to 
minimize  the  possibility  of  the  exhausted  air 
entering  the  fresh  air  intake  (a  common  fault 
in  planning) . The  exhausts  from  the  standby 
boiler  and  the  emergency  electric  generator  are 
piped  undei'ground  to  the  base  of  the  exhaust 
tower  and  then  vertically  within  the  stack  to  be 
discharged  at  a point  near  the  top.  The  two 
towers  extend  12  feet  above  the  roof  of  the  pro- 


Figure  19. — Air  conditioning  for  operating  rooms:  schematic  arrangement  of  air-handling  unit, 
controls,  and  duct  system. 
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Fig  ure  20. — Fresh  air  intake  showing  filter  ar- 
rangement at  air  intake  to  the  protected  unit. 

tected  area  to  prevent  any  drift  from  the  roof 
entering  the  stacks.  Each  tower  is  equipped 
with  hoods  to  prevent  vertical  settlement  of 
fallout  in  it.  The  hood  for  the  outdoor  air- 
supply  stack  also  induces  a change  m the  airflow 
pattern  which  helps  to  prevent  large  particles 
of  dust  from  entering  the  stack.  The  fresh  air 
intake,  which  to  some  extent  dictates  the  loca- 
tion of  the  exhaust  outlet,  is  not  placed  within 
the  structure  because  of  the  space  required  for 
the  additional  radiation  barriers  necessary  to 
protect  the  interior  of  the  building  from  the 
inlet  opening  and  from  the  accumulation  of 
radioactive  fallout  on  the  filter  beds. 

The  air  entering  the  fresh  air  tower  travels 
downward  to  the  bottom  of  the  stack  and  then 
horizontally  through  a settling  chamber  to  the 
primary  filter  bed  (fig.  21).  A floor  drain, 
located  in  front  of  the  filter  bed,  facilitates 
cleanup  of  the  settlement  chamber.  This  floor 
drain  is  piped  to  a dry  well  25  feet  from  the 
building  and  has  sufficient  ground  cover  to  in- 
sure protection  against  any  radioactive  mate- 
rial that  may  be  washed  into  it.  The  filter  bed 
is  made  up  of  medium-grade  filters,  80  percent 
efficient  according  to  the  National  Bpreau  of 
Standards  “Dust  Spot  Method  of  Testing.” 
(ASHVE  Transactions,  Vol.  44,  p.  379,  1938.) 
These  filters  will  remove  all  significant  radio- 
logical fallout  from  the  outdoor  air  during  the 
emergency.  High-velocity  filters,  with  a face 
velocity  of  600  feet  per  minute,  were  selected  to 
reduce  the  size  of  the  filter  bed.  A concrete 
protective  barrier  is  interposed  between  the  fil- 
ter bed  and  the  opening  to  the  shelter. 

Although  fallout  protection  is  emphasized, 
it  is  considered  advisable  to  install  a chemical. 


biological,  and  radiological  (CBR)  filter  unit 
for  protection  against  these  agents.  This  filter 
unit  is  located  between  the  primary  air  filter 
and  the  shelter  area.  A gastight  door  in  the 
main  air  passage  would  be  closed  during  emer- 
gency to  divert  all  incoming  air  through  the 
CBR  unit.  The  unit  can  handle  5,000  cubic 
feet  of  air  per  minute,  which  would  provide 
approximately  7 cubic  feet  per  minute  for  each 
of  the  anticipated  750  occupants  in  the  shelter. 
Because  of  the  size  of  the  CBR  unit,  a hatch 
is  provided  in  the  roof  of  the  air-intake  cham- 
ber, through  which  the  unit  can  be  removed 
if  necessary. 

Under  disaster  emergency  conditions,  when 
it  becomes  necessary  to  limit  the  outdoor  air 
supply  to  5,000  cubic  feet  per  minute  for  the 
protected  area,  the  quantity  of  air  mechanically 
exhausted  would  be  reduced  in  order  to  main- 
tain an  air  pressure  within  the  area.  To  ac- 
complish this,  all  exhaust  fans  except  those 
serving  the  toilet  rooms,  the  boiler  room,  and 
the  decontamination  area  will  be  shut  down. 
All  fan  discharge  ducts,  with  the  excej^tion  of 
those  noted  above,  discharge  into  a section  of 
the  exhaust  plenums  that  may  be  cut  off  from 
the  main  exhaust  stack  by  an  airtight  door. 
This  arrangement  eliminates  any  exfiltration 
of  air  through  these  fan  systems.  Barometric 
controls  for  emergency  use  are  installed  on  tlie 
exhaust  fans  that  remain  in  operation.  These 
controls  are  set  to  maintain  a 0.5-incli  water 
gauge  pressure  within  the  protected  area  during 
the  emergency.  A backdraft  damper  is  in- 
stalled in  the  wall  between  tlie  kitchen  and  tlie 
standby  boiler  room  to  provide  combustion  air 
for  the  boiler.  Combustion  air  for  the  emer- 


Figure  21. — Plan  of  decontamination  unit  show- 
ing relative  pressure  differences  to  prevent  entry 
of  contaminated  air  into  the  protected  unit. 
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gency  electrical  generator  is  piped  direct  to  the 
engine  from  the  main  air  supply. 

The  morgue  and  autopsy  area,  as  previ- 
ously noted,  is  used  for  decontamination  pur- 
poses (fig.  21).  The  passageway  through  this 
area  has  been  compartmentalized  to  provide  a 
series  of  airlocks  between  the  protected  area 
and  the  outdoors.  A fan  having  a 400-cubic- 
feet-per-minute  capacity  is  installed  above  the 
door  that  leads  from  the  shelter  into  the  first 
airlock.  This  fan,  to  be  used  for  emergency 
only,  will  exhaust  air  from  the  protected  area 
into  the  decontamination  area.  The  doors 
connecting  the  airlocks  are  equipped  with  dam- 
pers to  provide  a progressively  lower  air  pres- 
sure in  each  airlock,  with  final  discharge  to  the 
outside.  This  arrangement  will  assure  that  no 
contaminated  outdoor  air  can  enter  the  pro- 
tected area. 

Refuse  and  Garbage  Disposal 

Provision  for  the  disposal  of  refuse  and 
garbage  must  be  carefully  planned.  Garbage, 
heavy  cartons,  bottles,  and  cans  pose  the  great- 
est problem.  'WTiere  an  ample  supply  of  water 
is  available,  garbage  grinders  are  effective  for 
food  waste  disposal.  An  incinerator  is  not  rec- 


ommended because  it  involves  duplication  of 
other  available  equipment,  requires  considerable 
combustion  air,  and  does  not  dispose  of  bottles 
and  cans.  In  this  project  the  autopsy  room, 
which  is  within  the  area  used  as  the  decontami- 
nation entrance,  is  used  as  a rubbish  storage 
room.  This  room  is  selected  since  it  will  not 
be  in  use,  is  located  away  from  the  normal 
circulation  area  of  the  shelter,  and  is  conven- 
ient to  the  only  doorway  in  use  during  the 
emergency.  Periodically,  the  accumulation  of 
waste  can  be  removed  to  the  outside,  if 
necessary. 

Fire  Protection 

Fire  protection  methods  in  both  areas  are 
conventional,  consisting  of  a standpipe  system 
and  hose  stations  generally  supplemented  with 
water-type  fire  extinguishers.  Carbon  dioxide 
extinguishers  are  provided  in  the  boiler  room, 
operating  suite,  delivery  suite,  emergency  gen- 
erator room,  kitchen,  and  laundry.  If  the 
water  supply  is  safe  and  adequate,  the  stand- 
pipe would  be  kept  active  during  the  emergency 
period ; otherwise,  fire  protection  would  depend 
upon  the  available  supply  of  fire  extinguishers. 


COST  OF  PROTECTION  FOR  PROTOTYPE  HOSPITAL 


A major  objective  of  this  study  is  to  dem- 
onstrate that  protective  measures  against  fall- 
out can  be  incorporated  in  the  planning  and 
construction  of  hospital  buildings  at  reasonable 
cost.  Detailed  cost  figures  for  many  items  are 
singularly  elusive,  and  they  tend  to  be  particu- 
larly so  in  a study  where  comparative  costs  are 
determined  without  benefit  of  definite  contract 
prices.  However,  in  order  to  establish  some 
measure  of  the  cost  for  fallout  protection,  an 
estimate  was  made  of  the  additional  cost  of 
constructing  the  prototype  hospital  incoi-porat- 
ing  the  described  protective  measures.  Tliese 
estimates  were  based  on  early  1961  costs  in  the 
New  York  City  area  and  could  be  converted  to 
approximate  costs  in  other  geographical  areas 
by  using  an  appropriate  compai’ative  building 
cost  index. 


Cost  of  150-bed  hospital  (without 

protection)  '.$3,750,000 

Fallout  protection 136,  285 

Protection  against  chemical  and  bio- 
logical contaminants 5,  950 

Moderate  blast  protection  (15  psi 

overpressure)  72,325 

Additional  cost  to  incori>orate  protec- 
tion measures 214,  560 

’ Cost  figure  bused  on  average  cost  of  liospitals  of  similar 
size  built  under  Hiil-Burton  Program  during  1960. 

From  these  figures,  it  can  be  seen  that  the 
cost  of  constructing  the  prototype  hospital  in- 
corporating only  the  radiation-fallout  protec- 
tion measures  described  herein  would  be  ap- 
proximately 4 percent  more  than  the  cost  of  a 
similarly  planned,  completely  air-conditioned 
hospital  of  conventional  construction. 
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The  low  additional  cost  can  be  attributed  to 
the  following  factors: 

(1)  Little  additional  space  is  required 
solely  for  protective  purposes.  Only  space  for 
the  storage  of  emergency  supplies  (food,  cots, 
and  similar  items),  civil  defense  communica- 
tions, emergency  boiler,  air  intake  and  filter, 
and  air  exhaust  would  be  in  excess  of  that  re- 
quired for  normal  hospital  functions. 


(2)  Little  additional  equipment  is  required 
solely  for  protective  purposes  because  a hos- 
pital is  well  supplied  with  mechanical  and  elec- 
trical equipment  that  is  readily  convertible  for 
shelter  use. 

(3)  The  hospital  areas  involved  permit  a 
high  degree  of  efficiency  for  providing  maxi- 
mum shelter  capability. 


PROTECTED  ADDITION  TO  AN  EXISTING  HOSPITAL 


A satisfactory  nationwide  program  of  pro- 
tected health  facilities  obviously  cannot  be 
achieved  in  a reasonable  time  by  the  construc- 


tion of  new  protected  hospitals.  Therefore, 
the  role  of  the  existing  hospital  becomes  veiy 
important.  Various  methods  of  applying  the 


SCALE  0 50 


Figure  22. — Protected  addition  to  an  existing  hospital:  site  plan. 
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Figure  24. — Protected  addition  to  an  existing  hospital:  sleeping  arrangements  during  emergency 
showing  the  suggested  cot  distribution,  accommodating  363  persons. 
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principles  of  protective  construction  for  the 
maximum  benefit  of  existing  hospital  plants 
were  studied. 

Because  of  the  type  of  construction  of  ex- 
isting hospitals,  age  of  the  buildings,  and  other 
factors,  it  would  be  very  difficult  to  utilize  any 
portion  of  the  existing  buildings  as  shelters 
with  any  degree  of  success,  either  functionally 
or  economically.  It  would  be  possible,  however, 
to  plan  a protected  addition  to  an  existing  hos- 
pital by  using  the  data  developed  for  the  proto- 
type hospital  described. 

Since  the  planning  requirements  for  each 
addition  would  vary  with  each  hospital,  it  is 
difficult  to  propose  specific  planning  recommen- 
dations. Whether  an  addition  could  be  de- 
signed with  all  the  requisites  for  fallout 
protection  with  the  same  efficiency  as  a new 
hospital  would  depend  on  the  kinds  of  services 
to  be  located  in  the  addition.  Some  hospital 
services  are  not  readily  adaptable  to  shelter  use ; 
where  such  services  must  be  located  in  a pro- 
tected addition,  it  is  obvious  that  a low  degree 
of  shelter  efficiency  will  result.  In  some  in- 
stances, the  need  for  shelter  space  may  exceed 
the  space  available  in  the  addition.  In  this 
case,  areas  such  as  meeting  rooms  and  training 
facilities,  which  usually  are  difficult  to  justify 
on  a hospital’s  budget,  might  be  acceptable 
when  designed  to  be  used  in  connection  with  the 
shelter  program. 

The  services  selected  for  inclusion  in  the 
prototype  addition  to  an  existing  150-bed  gen- 
eral hospital  are  those  commonly  lacking  or 
outgrown  in  many  hospitals.  They  also  hap- 
pen to  be  highly  efficient  from  a shelter  point 
of  view,  and  because  of  this,  the  protected  unit 
is  probably  as  small  as  can  be  devised  to  house 


the  scheduled  peak  population  of  363.  In  all 
probability,  if  other  types  of  hospital  services 
are  used,  a larger  area  will  result. 

The  plan  for  this  addition  is  a windowless 
structure  of  one  story  above  grade  and  a full 
basement.  The  first  floor  contains  a rather 
complete  outpatient  department  and  a physical 
therapy  department.  The  basement  contains 
several  meeting  and  instruction  rooms,  an  occu- 
pational therapy  room,  mechanical  equipment 
room,  and  storage  facilities  for  the  civil  defense 
supplies  and  equipment.  (See  figs.  22,  23,  24.) 
The  shielding,  sleeping,  electrical,  and  mechan- 
ical features  of  the  protected  addition  are 
essentially  similar  to  those  discussed  in  the  pro- 
totype fallout-protected  hospital. 

The  following  tabulation  gives  the  relative 
cost  figures  for  constructing  the  addition  to  a 
150-bed  general  hospital  with  various  protec- 
tion factors  as  outlined : 

Cost  of  addition  to  150-bed  hospital 


(without  protection) *$5(X),  000 


Fallout  protection 65, 145 

Protection  against  chemical  and  bio- 
logical contaminants 5,  650 

Moderate  blast  protection  (15  psi  over- 
pressure)   48, 940 


Additional  cost  to  incorporate  protection 

measures  119, 735 


^ Cost  figure  based  on  average  cost  obtained  from  HUl- 
Burton  Program  studies. 

From  these  figures,  it  can  be  seen  that  the 
cost  of  constructing  an  addition  with  only 
radiation  fallout  protection  measures  would  be 
approximately  13  percent  more  than  the  cost 
of  a similarly  planned  unit  of  conventional 
construction. 
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